Supporting Information S1. Protocol for mapping stresses. The rat pulmonary microvascular endothelial (RPME) cells were a gift from Dr. Usamah Kayyali (Tufts University) [1] . For these cells, the culture protocol was similar to that described by An et al. [1] , and the seeding protocol was similar to that described by Tambe et al. [2] . Gel preparation was similar to that described by Trepat et al. [3].
each tile in this sequence, we shifted the succeeding tile in both x and y , by integer pixels, such that the cross correlation of that tile with the previous set was maximized. This procedure was done separately for the phase contrast and fluorescent bead mosaics.
To correct for stage drift between two fluorescent bead mosaics, before and after trypsinization, a similar procedure was used, following [2] . Within an unstrained area (a region of the gel at least 200  m away from the monolayer), we again chose a square region approximately 96  96 pixels. We then shifted the after-trypsin mosaic relative to the before-trypsin mosaic by a displacement that maximized the cross correlation between them.
Calculation algorithms.
To calculate the gel deformation from the fluorescent bead mosaics, we used the particle image velocimetry (PIV) procedure of Trepat et al. [3] . To calculate tractions, we used the Fourier-transform traction algorithm described by Butler et al. [4] and Trepat et al. [3] . To calculate monolayer stresses, we used the finite element procedure described by Tambe et al. [2] .
Boundary conditions for the monolayer.
For the monolayer bounded by free edges on all sides (Fig. 3a) , the entire boundary was subjected to the stress-free condition (Fig. 1c) , we used the boundary conditions described by Tambe et al. [2] . The matrix K is given by, 
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We now seek the 2 dimensional Fourier transform of this kernel, with the transform defined by The transform of the full three dimensional relationship between tractions and displacements is therefore given by,
. Alignment between maximum principal orientation and cell orientation. For a monolayer of elongated cells (e.g. RPME cells), Tambe et al. [2] found that monolayer stresses align with local cell orientation. Below we examine whether this alignment might be affected by the artifacts attributable to cell material properties.
In order to quantify the alignment, we define an angle  between the local maximum principal stress orientation and the local cell orientation (as these are non-directed orientations, we take    90

). When the elastic properties were homogeneous and (a) For the cell island (Fig. 4a) , the angle  between local maximum principal orientation and local cell orientation was distributed narrowly about zero when material properties were considered to be homogeneous with
or E =heterogeneous, the distribution of  was largely unaffected (b, c respectively).
Supporting Information S4. Two other monolayer subsystems of interest. Case 3: Subsystem bounded by two optical edges separated by two free edges.
Recent studies of collective cell migration used a monolayer subsystem where the region-of-interest was bounded by two optical edges separated by two free edges (Fig. S2a ) [5, 6] . For this subsystem, stresses can be computed by solving the equations of equilibrium within the region of interest alone; we call this approach as case 3. For this case, boundary conditions were similar to those in case 2 (i.e. 
Case 4: Subsystem bounded by optical edges on all four sides.
Most studies of endothelium use a monolayer subsystem where the region-of-interest is bounded by optical edges on all four sides (Fig. S2b) [7] . For this subsystem, stresses can be computed by solving the equations of equilibrium within the region of interest alone; we call this approach as case 4. For this case, all boundaries were subjected to 
Experimental results for case 3: Artifacts attributable to the boundary conditions:
The results were qualitatively similar to those obtained for case 2 (Fig. 5) . 
Numerical results for case 3: Artifacts attributable to the boundary conditions:
In case 2, the relative location of optical edges and free edges is asymmetric, and as such, it has two optical edges with slightly different forms of boundary artifacts (inset in Figs. 6f and 6h) . By contrast, in case 3, the relative location of optical edges and free edges is symmetric, and as such, each optical edge has a similar form of boundary artifact (inset in Fig. S4a ). The decay of stresses was similar to that in case 2 where the perturbed edge was located between an optical edge on one side and free edge on other (Figs. 6f,g ). 
Numerical results for case 4:
9 Artifacts attributable to the boundary conditions: Case 4 has optical edges on all sides, and hence every optical edge has similar form of boundary artifact (inset in Fig. S6a ). The decay of stresses was similar to that in case 2 where the perturbed edge was located between two optical edges (Figs. 6h,i) . , and red curves correspond to . The curves marked with circle represent the induced average normal stress, and the curves marked with cross represent the induced maximum shear stress. (g) Decay curves of the stresses induced by boundary conditions shown in the inset. At all the boundaries along appropriate axis the natural boundary conditions, i.e. boundary stress=0 are not mentioned but they are implied. The stresses in (b-f) are normalized with the amplitude of induced normal stress ̂ at the perturbed edge, the stresses in (g) are normalized with amplitude of imposed shear stress ̂ .
Experimental results for cases 2-4:
Artifacts attributable to the material properties: For cases 2-4, we quantified the artifacts attributable to material properties by using the same approach as for case 1 (Fig. 4) and generated the associated scatter plots (Fig. S7) .
as opposed to a free edge (Fig. 6g vs. Fig. 6i ; re-plotted on a log scale in Fig. S8 ). This sort of rapid decay of the boundary artifacts is the source of superior correlations between the stresses from case 4 and the stresses from gold standard. , are plotted as a function of distance from the perturbed edge. Away from the perturbed edge, the stresses decay. The rate of stress decay is, however, faster if the perturbed edge is opposite to the free edge (red curves) instead of being adjacent to the free edge (blue curves).
Supporting Information S6. Mapping the decay of boundary artifacts.
In our numerical analysis, we found that the greater the spatial frequency of errors at the boundary the faster is the decay of boundary artifacts (Figs. 6, S4, S6 ). This result was quantified by plotting the amplitude of dominant mode of a one dimensional Fourier transform (along the axis parallel to the perturbed edge) of the stresses as a function of distance from the boundary.
Supporting Information S7. Substrate tractions: effect of substrate thickness.
When the lateral scale of traction fluctuations ( l ) is greater than or equal to substrate thickness ( H ), then the effective stiffness sensed by the cells is larger than the actual stiffness of the substrate [8] . Below we examine whether the RPME cells in our monolayer are sensing substrate stiffness that is larger than actual.
In our experiments, we used substrates of thickness  100  H m. From the spectral distribution of tractions, we found that the dominant contribution was from wavelengths close to 100 m (i.e. H l  , Fig. S9 ). However, compared to the tractions obtained from the algorithm of Butler et al. [4] , the tractions obtained from the algorithm of Trepat et al. [3] were identical (Fig. S10 ). As such, the effect of substrate thickness on the distribution of tractions was minimal. Taken together, for RPME cell monolayers, when 
